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Introduction:  In 1693 G. D. Cassini published the 

three empirical laws on the motion of the Moon. Ac-

cording to the second of these laws the inclination of 

the Moon’s equator to the ecliptic plain is a constant 

approximately equal to 1.5°. Due to such excellent 

alignment, there are a number of permanently shad-

owed regions (PSRs) at deep craters near to the both 

North and South lunar poles. More than 50 years ago, 

it was suggested that all or some of these PSRs are 

sufficiently cold to trap and preserve for a long time 

(~Gy) hydrogen bearing volatiles – primordial or pro-

duced by solar wind interaction with regolith or 

brought to the Moon as water ice by comets and mete-

oroids [1,2,3,4]. 

Several attempts have been made in the past to test 

PSRs for water ice presence. Observations made by 

bistatic radar onboard the Clementine spacecraft iden-

tified some anomalous regions on the Moon associated 

with PSRs as possible evidences of the water ice pres-

ence [5]. These observations have been criticized as 

ambiguous [6]. Another attempt to test lunar PSRs for 

water was performed using neutron (LPNS) and gam-

ma-ray (LPGRS) spectrometers onboard the Lunar 

Prospector mission launched in 1998 [7]. These in-

struments were able to create global elemental and 

neutron albedo maps and discover significant reduc-

tions of epithermal neutron fluxes in lunar polar re-

gions poleward of 70°S and 70°N latitudes. This result 

was interpreted as an enhancement of hydrogen abun-

dance in these areas [8]. The best spatial resolution of 

LPNS (full width at half maximum ~46 km at 30 km 

orbit altitude [9]) didn’t allow resolving individual 

local areas with highest hydrogen abundance. Water on 

the Moon has also been recently detected by IR imag-

ing spectrometers [10]. The IR data have shown that 

the content of water (or hydroxyl) is gradually increas-

ing toward both poles. 

Neutron spectrometer LEND (Lunar Exploration 

Neutron Detector) [11] launched into lunar orbit 

onboard the Lunar Reconnaissance Orbiter (LRO) mis-

sion [12] became the next mission to test the presence 

of a hydrogen bearing regolith in the lunar polar re-

gions. LEND have the significant advantage in respect 

to LPNS – due to presence of a neutron collimation 

module LEND can provide resolution ~10 km from 50 

km orbit during mapping phase of LRO mission. 

Data analysis:  The galactic cosmic rays produce 

in regolith high energy neutrons (with energy about 1 – 

20 MeV). These neutrons are moderates to epithermal 

energies by multiple collisions with nuclei of regolith 

before they are able to escape from the surface and 

may be detected by a neutron detector on orbit. The 

leakage flux of epithermal neutrons depends on the 

concentration of hydrogen in the regolith, because 

more collisions with hydrogen nuclei lead to faster 

moderation and thermalization of neutrons before they 

can escape. In addition to the well known reductions of 

epithermal neutron fluxes in both lunar polar regions 

poleward of 70°S and 70°N latitudes (observed by both 

LPNS and LEND) several local spots of epithermal 

neutron flux suppression in comparison with surround-

ing areas were found from analysis of LEND data [13]. 

These suppressions marks enhanced content of hydro-

gen or water in the regolith. Figure 1 presents a map of 

epithermal neutron flux at the South pole. It was found 

that epithermal neutron flux from most of PSRs is  not 

significantly different in comparison with neutron 

emissions from surrounding areas. Only PSRs in Ca-

beus and Shoemaker craters near the South pole show 

a significant suppression [14]. On the other hand sev-

eral spots of epithermal flux suppression were found 

completely or particularly outside of any large PSRs 

[13]. 

We would like to present the results of estimations 

of hydrogen concentration in regolith in South polar 

regions at vicinity of Cabeus and Shoemaker craters. 

The estimations are based on analysis of LEND colli-

mated detectors data accumulated from September 15, 

2009 till December 20, 2012 and on numerical simula-

tions of the neutron fluxes from regolith with different 

hydrogen concentration. 
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Figure 1. LEND map of epithermal neutron fluxes 

at the South lunar pole. The red color is corresponds to 

high neutron flux and less concentration of hydrogen 

in regolith. The green, blue and violet colors are repre-

sent low neutron flux and more hydrogen concentra-

tion. 
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